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COMPARISON OF LOW- AND HIGH-RESOLUTION INFRARED PROPAGATION 
MEASUREMENTS IN THE 3- TO 5-pm ATMOSPHERIC WINDOW 

INTRODUCTION 

In September 1976 the Infrared Mobile Optical Radiation Laboratory (IMORL) of 
the Naval Research Laboratory successfully combined high-resolution, Fourier-transform 
spectroscopy (FTS) with previously developed techniques for measuring laser extinction 
along 5-km, sea-level paths [1,2]. This significant advance in precision atmospheric spec- 
troscopy provided a useful reference for comparison with other electro-optical instrumen- 
tation designed to measure infrared transmission of the atmosphere. 

In November 1976 a coordinated atmospheric-transmission-measurement experiment 
was carried out with the IMORL facility and a transmissometer/radiometer system operated 
by the Army Night Vision Laboratory. These measurements were made at the Naval Air 
Station, Patuxent River, Maryland, over a 5.1~km range along the western shore of the 
Chesapeake Bay. A preliminary account of this work was reported earlier [3]. 

EXPERIMENTAL PROCEDURES 

The high-resolution (0.08 cm-l) measurements utilized a Fourier-transform interfer- 
ometer-spectrometer system manufactured by Carson-Alexiou Corporation. The go-cm- 
diameter IMORL transmitter telescope projects the radiation from either blackbody or 
laser sources across the experimental path. The 120-cm-diameter IMORL receiver tele- 
scope directs the collected signal to a detector/integrator for the laser-extinction measure- 
ments or to the interferometer for the FTS measurements. Radiometric calibration of 
the high-resolution spectra was based on laser-extinction measurements made with both 
DF and CO lasers [1,2,4] . 

The low-resolution measurements were obtained with a transmissometer system manu- 
factured by Barnes Engineering Company [ 51. The transmitter unit of this double-ended 
system modulates and projects the beam from a 1273-K blackbody source across the 
experimental path. A lo-cm-diameter collector in the receiver unit focuses the collected 
signal through any of 18 selectable filters onto a cooled InSb detector. Radiometric cal- 
ibration of the received signals is based on zero-range measurements made with a 200~pm 
pinhole placed in the optical path of the transmitter. 

To facilitate a comparison between the high-resolution FTS measurements and the 
low-resolution transmissometer measurements, the FTS system was also used to measure 
the spectral response of the 15 transmissometer filters employed in the experiment. The 
resolution of the FTS-measured atmospheric-transmission spectra was then degraded to 
match that of each filter. We evaluated these convolution integrals by summing for each 
point in the high-resolution spectra (every 0.06 cm-l) the product of the FTS-measured 
atmospheric transmission, the spectral emissivity (in photons) of a 1273-K blackbody, 

Manuscript submitted June 21, 1978. 
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the spectral response of the transmissometer system, and the response of each transmis- 
someter filter. 

RESULTS 

A sample of these measurements has been compared with the predictions of atmo- 
spheric propagation codes [6] ; however, such comparisons are beyond the scope of this 
report. Detailed comparisons of laser-calibrated FTS spectra with HITRAN and LOWTRAN 
calculations appear elsewhere [ 1,7] . 

Figures la and lb showlthe relative-response functions of the 15 transmissometer 
filters. Figures 2a through 2f present the high-resolution FTS spectrum for one of the 
periods during which the combined measurements were made, and Fig. 3 presents a com- 
parison of the high-resolution and low-resolution measurements for the same period. 

Tables 1 through 5 provide listings of the low-resolution results and the filter- 
convolved, high-resolution measurements for each of the five periods during which the 
combined measurements were made. The footnotes summarize the meteorological data 
recorded for these times. 

Figure 4 is a “scatter plot” comparing the atmospheric transmittance measurements 
derived by the high-resolution FTS technique with the low-resolution results obtained from 
the transmissometer. As indicated by the legend, the different symbols represent data for 
different transmissometer filters. The line in Fig. 4 shows a least-squares fit to the data. 
The slope of this line is 0.985, the intercept is 0.038, the standard deviation of the data 
from the fit is 0.055, and the coefficient of correlation is 0.95. 

The transmissometer measurements tend to show higher atmospheric transmittances 
than do those made’by the. FTS/laser technique. As the data presented in Tables 1 
through 5 show, for 48 of the 74 measurements the transmissometer measures a transmit- 
tance that is within 0.05 of that obtained with the FTS system, for 14 of the 74 measure- 
ments (19%) the transmittances agree to within 0.05 to 0.10, and for the remaining 12 
measurements (16%) the two types of measurement techniques result in transmittances 
which differ by more than 0.10. Except for measurements made with filter 50, differences 
of greater than 0.10 are associated with the data from 9 November. Table 6 show the cal- 
culated standard deviations of these differences for each data run. 

For the lim ited meteorological conditions (humidities between 270 and 530 Pa [2 and 
4 torr] with visibilities between 50 and 100 km) the results of this comparison indicate 
that the two types of measurement techniques show an overall standard deviation in mea- 
sured transmittance of 0.06. 

2 



NRL REPORT 8254 

0 
1000 1900 2000 2100 2200 2300 2400 2500 2600 2700 2000 2900 3000 3100 3200 

I 

0.0 

w Q6 In 
B 
El 
; 0.4 

0.2 

0 
10( 

WAVENUMBER 

(a) Filters 01 through 07 

I I I I I I I I I I I I I 

70 40 

10 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 : 
WAVENUMBER 

00 

(b) Filters 10 through 80 

Fig. l-Relative spectral response of filters 

3 



K. M. HAUGHT ET AL. 

1.0 I 

0 
I900 

WAVENUMBER 1 cd) 
1990 

(a) 1900 to 2080 cm-l 

1 

1.0 
I 

0 
2080 

WAVENUMBER (cni’) 
2170 2260 

(b) 2080 to 2260 cm-l 

WAVENUMBER (cni’) 

(c) 2380 to 2560 cm” 

Fig. a--laser-calibrated high-resolution atmospheric-transmission spectrum 
recorded on ‘76 NOV 09 at 1700 (S042A). 

4 



NRL REPORT 8254 r- 
> 
v: 
a? 
C” 
-5- 
k 
rr 
I=: 1.0 I 

ki 
3 1 ‘I ;1$( 1~; 11, f/iv! 

5 “i;tl-ili~l, ’ idIf 

” I’ 

E  

i fl+f’\\ 

5 0.5 

s 
2 
I- 

’ 1 I I 
2560 

WAVENUMBER (cm-‘) 
2650 2740 

(d) 2560 to 2740 cm-l 

0 . I 1 
2740 

WAVENUMBER (cni’ ) 
2830 2920 

(e) 2740 to 2920 cm-l 

3010 
WAVENUMBER 

(f) 2920 to 3100 cm-l 

Fig. 2 (Continued)-Laser-calibrated high-resolution atmospheric-transmission spectrum 
recorded on 76 NOV 09 at 1700 (S042A). 

5 



K. M. HAUGHT ET AL. 

I 

- FTSILASER 7 

--- TRANSMISSOMETER &j s--J?--2L-- 
-------_- ---- g- -- 
-_- 

- 
2 _-_- 

8 

$a- 
.n 

._---_-_-_-----.----------- 

--60 
0 IL- I -LI--- 

,SOO ,900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 

WAVENUMBER 

Fig. 3-Comparison of high-resolution FTS results with low-resolution trans- 
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Table l-Measured Atmospheric Transmittance, 
Nov. 9, 1976, 1115 EST* 

Filter 
Number 

Wavenumber 
Range 

(cm-l) 

01 2155-3035 

02 2465-2910 

03 2105-2375 

04 1835-2105 

05 2535-2580 

06 24552550 

07 2445-2495 

10 2865-3055 

20 2690-2865 

30 2585-2695 

40 2405-2540 

50 2340-2425 

60 2285-2385 

70 2125-2230 

80 2056-2115 

T Transmittance 

Transmis- 
someter 

-- 
- 

0.890 

0.288 

0.359 

0.91.7 

0.868 

0.816 

0.585 

0.954 

0.754 

0.748 

0.319 

0.000 

0.399 

0.609 

FTS/Laser 
(S040A) 

0.520 

0.764 

0.233 

0.304 

0.790 

0.742 

0.679 

0.479 

0.780 

0.819 

0.645 

0.173 

0.015 

0.396 

0.540 
_______ 

Difference 

- 

0.126 

0.055 

0.055 

0.127 

0.126 

0.137 

0.106 

0.174 

-0.065 

0.103 

0.146 

-0.015 

0.003 

0.069 

*Air temperature:4.0°C; humidity:27OPa(2.0 torr); path length:5.1 km. 
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Table 2-Measured Atmospheric Transmittance, 
Nov. 9, 1976,170O EST* 

Filter 
Number 

Wavenumber 
Range 

(cm-l ) 

T 
Transmis- 
someter 

01 2155-3035 0.616 

02 2465-2910 0.838 

03 2105-2375 0.257 

04 1835-2105 0.317 

05 2535-2580 0.857 

06 2455-2550 0.792 

07 2445-2495 0.770 

10 2865-3055 0.516 

20 2690-2865 0.868 

30 2585-2695 0.881 

40 2405-2540 0.712 

50 2340-2425 0.294 

60 2285-2385 0.023 

70 2125-2230 0.368 

80 2050-2115 0.538 

Transmittance 

FTS/Laser 
(S042A) 

0.523 

0.773 

0.217 

0.267 

0.793 

0.744 

0.680 

0.498 

0.794 

0.822 

0.647 

0.169 

0.006 

0.370 

0.493 

i 

L 

Difference 

0.093 

0.065 

0.040 

0.050 

0.064 

0.048 

0.090 

0.018 

0.074 

0.059 

0.065 

0.125 

0.017 

-0.002 

0.045 

c: 
z 
c7 
P” 
2m 
cr; 
cr; 

-r 

IT 
‘27 

*Air temperature:4.0°C; humidity:310Pa(2.3 torr); path length:5.1 km. 
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Table 3-Measured Atmospheric Transmittance 
Nov. 10, 19’76, 1130 EST* 

Filter 
Number 

01 

02 

03 

04 

05 

06 

07 

10 

20 

30 

40 

50 

60 

70 

80 

2155-3035 

2465-2910 

2105-2375 

1835-2105 

2535-2580 

2455-2550 

2445-2495 

2865-3055 

2690-2865 

2585-2695 

2405-2540 

2349-2425 

2285-2385 

2125-2230 

2050-2115 

-- 
0.550 

0.730 

0.220 

0.210 

0.770 

0.705 

0.680 

0.400 

0.710 

0.740 

0.650 

0.290 

0.023 

0.320 

0.415 
- 

0.495 

0.735 

0.203 

0.200 

0.774 

0.734 

0.676 

0.437 

0.742 

0.777 

0.643 

0.174 

0.005 

0.349 

0.433 

0.055 

-0.005 

0.017 

0.010 

-0.004 

-0.029 

0.004 

-0.037 

-0.032 

-0.037 

0.007 

0.116 

0.018 

-0.029 

-0.018 

*Air temperature:14.0°C; humidity:530Pa(4.0 torr); path length:5.1 km. 
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Table 4-Measured Atmospheric Transmittance 
Nov. 10,1976, 1250 EST* 

Wavenumber Transmittance 
Filter 

Number Range Transmis- FTS/Laser . Difference 
(cm-l) someter (S044A) 

01 2155-3035 0.540 0.499 0.041 
02 2465-2910 0.720 0.743 -0.023 

03 2105-2375 0.210 0.198 0.012 
04 1835-2105 0.220 0.198 0.022 
05 2535-2580 0.745 0.775 -0.030 
06 2455-2550 0.730 0.732 -0.002 
07 2445-2495 0.680 0.675 0.005 
10 2865-3055 0.410 9.448 -0.038 
20 2690-2865 0.710 0.756 -0.046 
30 2585-2695 0.740 0.785 -0.045 
40 2405-2540 0.640 0.643 I’ -0.003 
50 2340-2425 0.280 q.174 0.106 
60 2285-2385 0.023 0.008 0.015 
70 2125-2230 0.310 0.340 -0.030 

80 2050-2115 0.420 0.424 ‘. -0.004 
L 

*Air temperature:14.0°C; humidity:47OPa(3.5 torr); path length:5.1 km. 
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Table 5-Measured Atmospheric Transmittance, 
Nov. 11, 1976, 1620 EST* 

Filter 
Number 

Wavenumber 
Range 

(cm-l) 
I 

01 2155-3035 

02 2465-2910 

03 2105-2375 

04 1835-2105 

05 2535-2580 

06 2455-2550 

07 2445-2495 

10 2865-3055 

20 2690-2865 

30 2585-2695 

40 2405-2540 

50 2340-2425 

60 2285-2385 

70 2125-2230 

80 2050-2115 

*Air temperature:8.5”C; humidity:470Pa(3.5 torr); path length:5.1 km. 

0.550 

0.740 

0.225 

0.200 

0.760 

0.730 

0.670 

0.420 

0.770 

0.780 

0.670 

0.290 

0.040 

0.320 

0.460 

0.489 

0.731 

0.196 

0.208 

0.763 

0.717 

0.656 

0.437 

0.745 

0.777 

0.625 

0.164 

0.006 

0.335 

0.430 

0.061 

0.009 

0.029 

-0.008 

-0.003 

0.013 

0.014 

-0.017 

0.025 

0.003 

0.045 

0.126 

0.034 

-0.015 

0.030 

Transmittance 

Transmis- FTS/Laser 
someter (S049A) 

Difference 
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Fig. 4-Comparison between high-resolution FTS/laser results and low- 
resolution transmissometer measurements covering all five measurement 
periods. 

Table B-Standard Deviation of Measured 
Transmittances for Each Run 

Date 

9 Nov 

9 Nov 

L 
10 Nov 

10 Nov 

11 Nov 

Time Standard Deviation 

1115 0.105 

1700 0.065 

1130 0.039 

1250 0.038 

1620 0.042 
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